Purpose To evaluate outcomes of Boston keratoprosthesis type 1 (K-Pro) surgery in a cohort of high-risk patients at Moorfields Eye Hospital. Our patients were referred to us at the end-point of their ocular disease. Methods A retrospective review of all K-Pro surgery performed between March 2011 and July 2015 with a minimum follow-up of 12 months. Results 39 eyes of 38 patients were included. Mean follow-up was 28.4 months (range: 12-56). The main indication for surgery was bullous keratopathy from multiple failed grafts (56%). 26 cases (72.2%) had known posterior segment disease pre-operatively. Mean BCVA for the entire cohort (n = 39) initially improved from HM vision to 1/60 before returning to CF vision by 6 months and was maintained for the duration of follow-up. By final follow-up (n = 39), 46% had improved vision (1 line improvement in 10%; 2 lines or more in 36%) and 31% maintained pre-operative visual acuity. Anterior segment pathology was not an independent variable in visual outcome. However, absence of posterior segment disease was significant and performed best, improving from HM to 6/15 and maintaining that vision in the longer term. There were 13 (33%) cases of progressive glaucomatous optic neuropathy, 10 (26%) retinal detachments, 8 (21%) retroprosthetic membranes, 3 (8%) infective keratitis and 2 (5%) vitritis of which 1 progressed to endophthalmitis. In all, 3 (8%) had NPL vision and 4 (10%) required removal of the K-Pro. Conclusions Implantation of the Boston K-Pro can lead to improved vision, with the main limiting factor being posterior segment pathology.
Introduction
When successful, corneal transplantation provides excellent visual rehabilitation, making it the treatment of choice in the surgical management of corneal blindness [1] . Its very success has made it the most common form of solid organ transplantation in the world [1, 2] . Nevertheless, there are still a cohort of patients in whom the outcomes are not as good as would be desired. These "high-risk" patients include those with corneal vascularization, a history of multiple corneal graft rejection and failure, herpes simplex keratitis and aniridia [3, 4] . Alternatives to corneal transplantation include the Boston keratoprosthesis (K-Pro); however, in the United Kingdom (UK), it is still considered an option of last resort and its use is reserved for very complex and advanced pathology.
This report is the first to present outcomes of K-Pro surgery in the UK. All our patients had been referred to us as the final opinion on the end point for their ocular disease. These outcomes reflect both the severity as well as the advanced nature of their underlying disease.
Methods
All patients who had K-Pro surgery (Boston keratoprosthesis type 1 with a separate PMMA or titanium locking ring) During the series our glaucoma surgical strategy changed. In the first 21 K-Pro cases, only patients with preexisting glaucoma underwent aqueous shunt implantation (Baerveldt 350) prior to, or at the time of K-Pro surgery if IOP control was deemed to be inadequate. For all others, if IOP control was inadequate after K-Pro implantation, then escalating IOP-lowering treatment was instituted; initially medical treatment and if this failed, Baerveldt aqueous shunt implantation. In 2013, we began an integrated K-Pro clinic in conjunction with a dedicated glaucoma specialist. The glaucoma management strategy changed in that all patients in whom there was an established diagnosis of glaucoma, history of steroid response or of ocular hypertension underwent Baerveldt 350 implantation either before or at the time of K-Pro implantation if a functioning tube was not already in situ. Patients with no history of established glaucoma, ocular hypertension or steroid response had a Baerveldt 350 plate sutured to the sclera without the tube portion connected into the eye at the time of K-Pro implantation. The intention of this approach was to connect the tube as a secondary procedure if there was subsequent (de novo) IOP elevation that could not be controlled medically. Our decision to use Baerveldt 350 aqueous shunts reflects regional practice whereby Baerveldts are the predominant Glaucoma Drainage Device in use in the UK and Australia.
All patients were fitted with a large diameter bandage contact lens that was changed every 2 months. The initial post-op regimen was g. dexamethasone 0.1% x4-8 per day, g. moxifloxacin QID for 1-2 weeks and g. vancomycin 5% daily in addition to any pre-existing glaucoma medications. The vancomycin was continued for the lifetime of the K-Pro. The steroid dose was altered according to the patient's clinical condition.
A distinction was made between patients who had preoperative posterior segment disease (diagnosis of glaucoma or retinal diseases) and those who did not. The Mann-Whitney U-Test for non-parametric testing was used to assess the significance of the difference in mean BCVA between the groups at the 12 month and final reviews.
Results
A total of 43 eyes from 42 patients were identified in the initial analyses. Of these, four cases had incomplete notes (follow-up outside Moorfields Eye Hospital) and were excluded. The remaining 39 cases were included in the final analysis and Table 1 display patient demographics and ocular comorbidities. Of note, 62% of cases had a preexisting diagnosis of glaucoma of which most (15 of 24 cases) had pre-existing tube surgery. 95% of cases had a history of failed corneal transplant surgery, with one case having 8 previous corneal grafts. Table 2 displays the concomitant procedures performed at the time of K-Pro surgery. Glaucoma surgery accounted for over 20% of combined procedures with most being the pre-placement of the tube plate without connection of the tube in the eye. To date only one Baerveldt tube has needed to be connected into the eye as a secondary procedure.
All patients had follow-up for a minimum of 12 months and all data was included in analysis. Within the first 12 months, in all cases vision improved after K-Pro surgery. For the entire cohort (Fig. 1a) , mean BCVA improved from hand movements (HM) to 3/60 by 6 weeks post operation. However, this declined to 1/60 by 12 months, with the main reason being either progressive glaucoma or retinal detachments involving the macula. For those with known pre-existing posterior segment disease mean BCVA initially improved from HM to 1/60 at 6 weeks, before gradually falling to count fingers (CF) by 6 months. This vision was maintained to 12 months and beyond. By contrast, those without posterior segment disease achieved significantly better outcomes (p < 0.0001). Mean BCVA improved from HM to 6/15 at 6 weeks post operation and was maintained to 12 months and beyond unless de novo glaucoma (n = 2) or retinal detachment (n = 1) was encountered.
By final follow-up (mean 28.4 months), only 46% had an improvement in vision (1 line improvement in BCVA in 10%, 2 line or more improvement in 36%), 31% maintained their pre-operative BCVA and 23% had removal of their KPro or deteriorated in BCVA (Fig. 2) . There was no significant difference in outcomes by underlying diagnosis (Fig. 1b) . Table 3 shows complications from K-Pro surgery. As suggested above, the commonest complication was glaucoma progression based on change in optic disc appearance, which occurred in 33% of cases. Retinal detachments were also a major issue occurring in 26% of cases. 20% developed a retroprosthetic membrane with most being amenable to Nd;YAG membranectomy. There were three (8%) cases of microbial keratitis in two patients, all resulting in the planned removal of the K-Pro. The main risk factor for keratitis was a dry ocular surface. There were two (5%) cases of vitritis; one due to progression of a fungal keratitis and the other due to erosion of the conjunctiva over a glaucoma tube. In both cases the final visual outcome was poor. Supplementary Figure 1 shows the Kaplan-Meier survival curve where removal of the K-Pro was considered failure. After 14 months duration there were no further cases of K-Pro removal for the entire follow-up period. Table 3 also displays the number of post-operative procedures performed after K-Pro surgery. Surprisingly, the commonest procedure was vitrectomy (36%), which was needed for patients who developed retinal detachments, vitreous haemorrhages and very high intraocular pressures secondary to aqueous misdirection. Once again, glaucoma was a key challenge after K-Pro surgery and 31% required either revision or insertion of a glaucoma drainage device.
Discussion
Patients in our cohort typically had maximal medical and surgical management, up to the point that K-Pro surgery was the only available option to improve vision. Further, vision in the fellow eye was generally poor; the mean BCVA was 1/60 and 15 (39%) patients had no perception of light (NPL). The poorer outcomes seen in our cohort reflects the severity of the underlying diagnosis. K-Pro surgery for many represents a temporary improvement in vision before the natural history of the disease causes vision deterioration. This was clearly understood by our patients and it was appreciated that any potential improvement in vision, even if temporary, was considered a worthwhile outcome. Best outcomes were seen in patients who had no posterior segment disease (i.e., glaucoma, retinal disease or detachments), where vision was maintained at 6/15, in line with the international literature [5] [6] [7] [8] [9] . The anterior segment pathology was not an independent variable; however, complex anterior segment disease often had concomitant glaucoma, which affected final outcomes. Thus our best cases were seen in those who only had multiple failed grafts and no other disease.
Perhaps most importantly, it is critical to recognise the types of patients who do not perform well with K-Pro surgery. Three (8%) cases (from two patients) developed microbial keratitis leading to removal of the K-Pro. Both patients had poor ocular surfaces with dry eyes (one herpes simplex keratitis and one Stevens-Johnson syndrome)
where there was either a persistent epithelial defect or the bandage contact lens fell out immediately prior to the keratitis. Herpetic eye disease and persistent epithelial defects are suggested risk factors for keratitis in K-Pros and our experience is in keeping with this [10] [11] [12] .
Three (8%) patients developed spontaneous de novo retinal detachments. All had significant proliferative vitreoretinopathy [13] . Retinal detachments in the context of K-Pros are mostly either tractional or rhegmatogenous in origin and tend to have poorer outcomes [14] [15] [16] . Often patients do not notice any symptoms until the detachment is extensive and severe, despite close follow-up. One approach to decrease complications is to perform a vitrectomy at the time of initial K-Pro surgery; however, studies suggest that this does not actually reduce the risk of retinal detachments [17] . We suggest that all patients have an in office B-scan ultrasound looking for early retinal detachments at each follow-up visit. Fig. 1 Visual outcomes from keratoprosthesis surgery. a For those with no pre-operative posterior segment pathology (n = 10), mean vision improves from hand movements vision to 6/15. This is maintained unless patients develop new incidence of glaucoma (n = 2) or retinal detachments (n = 1), in which case vision is reduced. In our cohort, these three new posterior segment pathologies decreased mean best corrected visual acuity to 6/60. b Mean best corrected visual acuity (BCVA) by primary diagnosis. All patients initially improved vision but there were no differences in final visual outcome by primary diagnosis Glaucoma is the perennial bane of K-Pro surgery and this was no exception in our cohort. Three (8%) patients had NPL vision as a result of glaucoma, all through varied and unexpected mechanisms. In one there was unrealised advanced glaucoma prior to K-Pro surgery that progressed despite a reasonable IOP. A second patient had intractable chronic high IOP (~40 mm Hg) in the post-operative period. Finally, a third patient developed aqueous misdirection with an extremely high IOP that resulted in a central retinal artery occlusion. Our experience has taught us to anticipate high IOPs in all patients and to plan for this. We now preplace Baerveldt tube plates in all eyes that do not have glaucoma/ocular hypertension or a history of steroid response. If the IOP were to rise, we can insert the tube in the eye as a secondary procedure to control the IOP while minimising the risk of hypotony as the bleb over the tube plate would have had time to mature. Thus far, only one eye has needed this procedure. Eyes with pre-existing glaucoma, ocular hypertension or known steroid response undergo full Baerveldt 350 implantation either prior to or at the time of K-Pro implantation. We chose the Baerveldt tube over the Ahmed valve tube as studies demonstrate that it achieves greater IOP reduction in the long term [18, 19] . To ameliorate the hypotensive phase described in Baerveldt tube surgery, a supramid is inserted into the tube and a 10.0 nylon suture used to ligate the tube at point of surgery. In the event of high IOPs in the initial post-operative period, the intraluminal length of the supramid can be adjusted or the 10.0 nylon can be suture lysed with an Argon laser to allow flow through the tube.
Based on our experience, we would suggest that a Boston keratoprosthesis type 1 implant is suitable for patients with any type of anterior segment pathology, as long as there is no posterior segment disease and the eye produces adequate tears (minimum Schirmer 1 of 5 mm). However, most patients who are referred to us do not fit this guideline and so must be considered on a case-by-case basis. Once stable postoperatively, we would suggest a regular follow-up interval of two months where the large diameter bandage contact lens can be changed, a B-scan performed assessing the retina, and Other (removal of IOL, repair of traumatic rupture, pupiloplasty, traumatic repair, conjunctival flap, subtenons triamcinolone) digital assessment of IOP coupled with optic disc examination for glaucoma development and progression.
Summary
What was known before • Keratoprosthesis surgery is an option for high-risk corneal grafts, which in the UK is generally reserved for very complex pathology.
• There have been no previous keratoprosthesis outcomes data published from the United Kingdom.
What this study adds
• Visual outcome was dependent on posterior segment disease (glaucoma, previous retinal detachment) rather than anterior segment disease (underlying pathology that necessitated keratoprosthesis surgery).
• Those without posterior segment disease attained a mean visual acuity of 6/15, which was maintained for the duration of follow-up.
• In contrast, those with posterior segment disease initially improved, but mean visual acuity declined to Count Fingers over a mean of 28 months. In general, approximately a third improved vision, a third maintained vision and a third deteriorated in vision at final follow-up.
• Glaucoma progression and retinal detachment were key challenges in our cohort.
